ABSTRACT
INTRODUCTION
Since ancient times, processing of hides and skin by tanning as a means of conversion to leather has been an important activity. Several processing stages of the raw hides involves treatment with variety of chemicals to obtain the end product and a tannery wastewater having a mixture of biogenic materials of hides and large varieties of organic and inorganic chemicals [1] . According to literature reports, tanneries are associated with water and land pollution, which pose a threat to human, animal and crop life [2] . The composition and constituents of tannery effluent are different from tannery to tannery depending on the size of the tannery, chemicals used for specific processes, amount of water used and type of end product produced by a tannery effluent from a typical tannery. Tanneries generate wastewater in the range of [30] [31] [32] [33] [34] [35] LKg -1 with variable pH and large amounts of biological oxygen demand (BOD), chemical oxygen Due to the recalcitrant nature of most of this chemicals, biodegradation is hindered [6] . [7] reported that tannery effluent treatment poses difficulty in achieving the desired effluent discharge standards. Conventional effluent treatment methods involve biological treatment [5] and physio-chemical processes such as coagulation/flocculation, sedimentation [1] , ozonation, reverse osmosis, adsorption, ion exchange, and electrolysis [6] . [8] reported that postbiologically treated wastewater still contains non-degradable organic compounds designated bio-recalcitrant organic compounds (BROC). These contaminants are treated using physico-chemical techniques which generate huge amounts of sludge. To mitigate against this problem, focus has been shifted to developing new technologies for effluent treatment and enhancement of the mineralization process of most of the organic contaminant present in the effluent. Photocatalysis, which is advanced oxidation technology is a promising technologiy for total organic pollutant mineralization [9] .
Photocatalysis is the acceleration of a photoreaction in the presence of a catalyst (Photocatalyst) which is activated by adsorbing a photon and is capable of accelerating a reaction without being consumed [10] . Utilization of advanced oxidation technology is a promising method suitable for oxidizing a wide range of bio-recalcitrant waste effluents due to properties such total degradation/mineralization of pollutants, the formation of congenial products, photocatalytic degradation of organic pollutants, photocatalytic dissolution of water, solar energy conversion and water disinfection [10] [11] . In photogenerated catalysis a photochemical reaction is activated on the surface of metal oxide semiconductor with simultaneous oxidation-reduction reactions taking place. The first reaction takes places as a result of photo-induced positive holes and the second reaction is as a result of photo-induced negative electrons [12] 3 ) and have been extensively used for control of pollutant in wastewater [13] [14] [15] . [16] reported that considering the known and researched photocatalyst there is a wider application of ZnO due to factors such as availability, stability, low cost, and favourable band gap energy.
Zinc oxide (ZnO), an important inorganic material with its excellent physical and chemical properties which includes high chemical stability, high electrochemical coupling coefficient, broad range radiation absorption and high photostability, is a multifunctional material [17] [18] . And is dominating the photocatalysis field as an efficient substitute for successful green environmental management system due to its outstanding attributes such as direct and wide bad gap of about 3.37eV in the near UV spectra region with wave lengths below 387nm, strong oxidation ability, good photocatalytic property, and a large free-exciton binding energy [19] . Supported ZnO nanostructure is a promising candidate because of its structure, porosity and properties. It has the potential to improve the efficiency of catalytic reaction and with its immobilization characteristic for a one step easy removal of the catalyst from the reaction mixture, enabling the nano-sized catalysts to be cleaned, reused, and to yield catalyst free products [10] .
A number of transition metals such as Co, Ag, Mn, Pd, Bi, Sm, Ce, Al, were used as dopants for ZnO to improve its photocatalytic activity. Among these support for ZnO photocatalyst, Al-supported ZnO has received considerable attention because of its unique physicochemical properties as well as the merit of cheap raw materials [20] . [21] Stated in his work that the doping of Alumina in ZnO increases the specific surface area which results in a better activity in the photocatalytic decomposition of methylene blue under UV irradiation. Recently [22] also reported that, in the photocatalytic degradation of methyl orange under visible light irradiation, the Zinc oxide photocatalyst supported on 4% of y-Alumina exhibits higher activity compared to unsupported ZnO and they attributed the enhanced activity to extended light absorption, inhibition of electron-hole pair's recombination and increasing adsorptivity of reactant molecules on the surface of catalyst powders.
In this research work, optimum response obtained from Response Surface Methodology will be used to prepare Zinc oxide photocatalyst supported on y- operating conditions such as phtocatalyst dosage, irradiation time, initial pH, initial concentration and light intensity will be investigated. The photoreduction kinetics will be studied from the data obtained from the photoreduction of the tannery effluent.
MATERIALS AND METHODOLOGY
All the chemicals used for the experiment was purchased from Pamlac Chemicals, Minna, Niger State and are of analytic grade. Local Kaolin and Zinc ore was obtained from Kutigi, Niger State and Enyigba lead-zinc mine pit, Abakiliki, Ebonyi State respectively. The tannery wastewater was obtained from the retanning and dyeing steps of Maimuda Industries Ltd, Challawa, Kano State, Nigeria. And immediately stored in ice and transported in ice to Minna, Niger State, Nigeria. On arrival, the sample was preserved in cold at a temperature of 4 o C.
PREPARATION OF ZnO/γ-Al 2 O 3
γ-Al 2 O 3 was synthesized from local kaolin using the process described by [23] and Zinc oxide was prepared from Zinc ore using the process described by [24] [25] . ZnO/γ-Al 2 O 3 was synthesized by wet impregnation technique as reported by [26] [27] [28] . 6.40g of Zinc Oxide (ZnO) was measured and suspended in 50 ml of distilled water in a beaker which was stirred at ambient temperature until a homogenous solution was obtained. Then 9.5 g of γ-Al 2 O 3 was added into the suspension, and the suspension was stirred vigorously with a magnetic stirrer for 12 hours to form a slurry. The formed slurry was dried at 80 o C in an oven for 12 hours and cooled to ambient temperature. The dried sample was crushed, milled to powder, screened through a 150 µm sieve and then calcined at 800 o C for 8 hours to obtain ZnO/γ-
To obtain maximum result, the experiment was repeated and the effects of mass of γ-Al 2 O 3 , drying temperature, stirring time and mass ratio on the yield of the photocatalyst were investigated through the use of Response Surface Methodology based on composite design. The operational levels of high (+) and low (-) was used to vary factors for optimization of parameters.
Characterization
X-ray Fluorescence (XRF) analysis was to ascertain the physicochemical composition of the photocatalyst. The morphology of composite particles was observed by SEM Philips XL 30 microscope (PHILPS). The samples were coated with an Au/pd film and the SEM images were obtained by using a secondary electron detector. The BET was used to measure the surface area and porosity of the sample, BET TRISTAR 3000 analyser was used. Before the analysis approximately 0.2 g of the sample was weighed and degassed under N 2 for 4 hours ambient temperature at 150°C to remove moisture. The degassed sample was later analysed for physisorption of adsorbate (nitrogen) by the adsorbent in the liquid nitrogen on the surface.
Determination of Chromium (Vi) Concentration
The concentration of Chromium (Cr) in the effluent sample was determined by Atomic Absorption Spectrophotometeric method on 470 nm by using a UV spectrometer (Shimadzu UV-240 spectrophotometer) [4] .
PHOTOCATALYTIC PROCESS

Effect of irradiation time
100 ml of the effluent was collected and placed in a beaker, followed by the addition of 0.1 g of the photocatalyst. It was magnetically stirred for 60 min in the dark. Samples were collected after 60 min of reaction and analysed for Chromium (VI), BOD and COD concentrations. Immediately after adsorption in the dark stage for 1 hr, the mixture of effluent and the photocatalyst in the beaker was exposed to visible light irradiation by a 400 W halogen lamp under stirring. Samples were taken after 0, 5, 10, 20, 40 and 60 min from the start of irradiation and analysed for Chromium (VI), BOD and COD concentrations. 
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Effect of photocatalyst dosage
To determine the effect of photocatalyst dosage, 100 ml of the effluent was measured and placed in a beaker, 0.5 g of the photocatalyst was then measured and added to content of the beaker, the beaker was then placed on a magnetic stirrer. The content of the beaker was continuously stirred in the dark for 60 min after which a 5 ml of the sample was taken for analysis. The content of the beaker was then exposed to visible light while it was continuously stirred for another 60 min. After the photocatalytic reaction of the treated water 5 ml sample was then collected for analysis, the same procedure was repeated for varying amounts of photocatalyst for Chromium (VI), BOD and COD concentrations.
Effect of initial pH of wastewater
100 ml of the effluent was measured and placed in a beaker, sodium hydroxide and hydrochloric acid solution whose concentration is known was added to it to adjust the pH of the effluent. For any addition of sodium hydroxide and hydrochloric acid solution, a pH meter was used to determine the pH of the effluent, 5 mL of effluent was then taken for analysis, the effluent was then magnetically stirred in the dark for 60 min and again 5 ml sample was collected for analysis. The effluent was further exposed to light for another 60 min and again 5 ml sample of the effluent was taken for analysis. The same procedure was repeated for pH 2 to 12 for Cr (VI), BOD and COD concentrations.
Effect of initial concentration
100ml of effluent was measured and placed in a beaker. Distilled water was used to vary the concentration of Cr (VI), BOD and COD, a 5 ml of effluent was taken for analysis. The effluent was then magnetically stirred in the dark for 60 min and again 5 ml sample was collected for analysis. The effluent was further exposed to visible light for another 60 min and again 5 ml sample of the effluent was taken for analysis. The same procedure was repeated for 20, 40, 60, 80 and 100 mg/L initial concentrations of Cr(VI), COD and BOD.
Effect of light intensity
To determine the effect of light, 100 ml of the effluent was measured and placed in a beaker, exposed to 100 W tungsten lamp and continuously stirred for 60 min, 5 ml of the sample of the wastewater was then taken for analysis. This procedure was repeated for 200 and 400 W tungsten lamp.
Kinetics of degradation
Kinetics study was carried out based on the initial concentration of the effluent. The photocatalytic reaction kinetics of organic compounds is often described by the pseudo first order approximation of the Langmuir-Hinshelwood model [29] [30] . 
RESULTS AND DISCUSSION
Characterization of the prepared ZnO/y-Al 2 O 3 photocatalyst using XRF SEM, and BET analysis
The following results were obtained after the characteristization of ZnO/y-Al 2 O 3 photocatalyst;
X-ray Fluorescence (XRF) analysis
XRF analysis was used to determine the ZnO content of the ZnO/y-Al 2 O 3 catalyst. The result as can be seen in Table 1 shows that there are two main compositions of the catalyst being 44.421% of Zinc oxide (ZnO) and 53.303% y-Al 2 O 3 . Meanwhile, the remaining 2.276% is impurities, which consist of SO 3 (1.905%), SiO 2 (0.173%), and CaO (0.198%). As expected, Al 2 O 3 was the highest component, followed by ZnO and impurities, respectively. This result shows that the prepared catalyst has high purity, approaching 98%. 
Brunauer-Emmet Teller (BET) analysis
The specific surface area of synthesized ZnO/γ-Al 2 O 3 photocatalyst was measured using Brunauer-Emmet Teller (BET) as shown in 
Scanning Electron Microscope (SEM) analysis
The morphological and structural characterization of the synthesized ZnO/y-Al 2 O 3 was investigated using Scanning Electron Microscope (SEM) analysis. The SEM image of the ZnO/y-Al 2 O 3 photocatalyst is shown in Figure 1 . The result indicates that the Zinc Oxide (ZnO) with rod-like shape, which is a typical morphology of Zinc oxide particle, was uniformly distributed on y-Alumina surface which has a flower-like structure. [32] [33] [34] reported similar result. 
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Chromium (VI) Reduction
Photodegradation was carried out for Chromium and the effects of photocatalyst dosage, irradiation time, initial pH, Initial concentration, light intensity, and degradation kinetics was studied. As can be seen from Figure 2 , the efficiency of the visible light/ ZnO/y-Al 2 O 3 process for the reduction of Chromium (VI) was about 88%, which was more effective than the visible light/ZnO process which reduced 43.7% of Chromium (VI). The higher efficiency of the ZnO/y-Al 2 O 3 process compared to the visible light/ZnO process indicating the synergy between ZnO and y-Al 2 O 3 .
Efficiencies of pure
Effect of photocatalyst dosage
To investigate the effect of photocatalyst dosage on the photocatalytic reduction of Cr(VI), the dosage was varied from 0.5 to 5.5 g/L, while the initial pH, initial Chromium concentration, and reaction time were constant at 4, 60 mg/L, and 60 min respectively. As can be seen from Figure 3 , by increasing photocatalyst dosage from 0.5 to 2.5 g/L the photocatalytic reduction of Chromium was increased from 35.7 to 88.3% at 60 min of irradiation, while further increment in the dosage resulted in no significant increase in the reduction of Cr(VI). At photocatalyst dosage of 4.5 g/L, the photocatalytic reduction of Cr(VI) was obtained to be 97.1%. This behavior can be explained by the increased active sites on the photocatalyst as well as the generation of free electrons in the conduction band during photocatalysis [35] . As the photocatalyst dosage was increased further to 5.5 g/L the photodegradation decreased to 81.8%, this can be attributed to turbidity in the reaction medium. Due to no significant increase in the reduction of Chromium with increasing photocatalyst dosage from 2.5 to 4.5 g/L, the following experiments were carried out with photocatalyst dosage of 2.5 g/L to evaluate the effect of various processes involved in the photocatalytic reduction of Chromium (VI). 
Effect of irradiation time
The photocatalytic reduction of chromium (VI) was carried out and the effect of irradaition time on Photocatalyst dosage was studied. The experiment was carried out with constant stirring at room temperature for different time intervals from 10 to 60 min. The photoreduction of chromium was 88.3%, 52.7% 44.3% and 32.0% at time intervals of 60, 40, 30, 10 minutes respectively as can be seen in Figure 3 . Increase in irradiation time, increased the efficiency of the photocatalyst due to sufficient resident time needed to reduce the hexavalent chromium. 
Effect of initial pH
The effect of initial pH on the photoreduction of Chromium (VI) using ZnO/y-Al 2 O 3 photocatlyst was investigated by varying the initial pH from 2 to 11 at a constant photocatalyst dosage of 2.5 g/L at 60 min irradiation time and initial concentration of 60 mg/L. The effect of chromium removal is highly dependent on the pH of the wastewater [36] . As shown in Figure 4 , within a reaction time of 60 min, the photoreduction of Cr(VI) was increased from 18.8 to 88.3% with increasing initial pH from 2 to 4 and then decreased to 14.2% when the initial pH concentration reached 11. As shown in figure 4 .13, the photocatalytic reduction of Cr(VI) through the ZnO/y-Al 2 O 3 photodegradation process at strong acidic and basic pH was much lower than that as pH 4. It is as a result of increase dissolution of ZnO as photocatalyst in strong acidic and basic condition [37] [38] . 
Effect of initial Chromium (VI) concentration
The effect of initial Chromium (VI) concentration on the photocatalytic reduction was evaluated by varying the initial Chromium concentration from 20 to 100 mg/L at constant initial pH of 4, and photocatalyst dosage of 2.5 g/L within reaction time of 60 min as shown in Figure 5 . As illustrated, the photocatalytic reduction of Chromium (VI) was increased from 60.7 to nearly 100% with decreasing the initial Chromium concentration from 100 to 20 mg/L at the reaction time of 60 min. Increasing the initial Chromium concentration results in more Chromium ions adsorbed onto the ZnO/y-Al 2 O 3 surface, which caused an inhibitive effect on further photocatalytic reduction of Chromium due to inability of the phtotons to have access to the active sites of the photocatalyst. This lead to insufficient generation of reactive species that is responsible for the reduction of Cr(VI). Similar observation was reported by [39] .
Effect of light intensity
The influence of visible light intensity on the photoactivity of ZnO impregnated on y-Al 2 O 3 in the photoreduction of chromium (VI) is shown in Figure 6 . Results shows that reduction percentage increases with increasing light intensity.
With an increase in the light intensity, ZnO/y-Al 2 O 3 absorbs more photons and, therefore, increases the generation rate of photoactive species (electron-hole pairs) on the semiconductor surface, which increased the rate of Chromium photocatalytic reduction. Increase in photoreduction rate of Chromium with enhancement in the light intensity indicates that all the photons were effectively used and the produced electron-hole pairs were consumed more rapidly by chemical reactions than by recombination. 
Kinetics of Degradation
The kinetics of Chromium degradation was estimated. The kinetics models of the pseudo-first-order model were tested to determine the kinetics rate in the degradation process of Chromium onto the ZnO/y-Al 2 O 3 photocatalyst at different irradiation times and Chromium concentrations respectively. The linear fit between ln(C O /C) and reaction time t of different initial concentration follows a pseudo-first-order kinetics behavior. The highest correlation coefficients (R 2 ) was 0.9766 with the least being 0.8739 as shown in Table 3 
CONCLUSION
In this study, phtotocatalytic degradation of contaminants in tannery wastewater was carried out using ZnO/y-Al 2 O 3 in the presence of visible light. The physicochemical analysis of the wastewater was carried out to ascertain the level of Chromium (VI). The total surface area, total pore volume and mean pore size of the photocatalyst prepared were 65.452 m 2 g -1 , 0.151 cm 3 g -1 and 9.892 nm respectively. The experimental result shows that at optimum conditions, photocatalyst dosage was determined to be 4.5 g/L for Cr (VI). Maximum photoreduction was observed at pH 4, under 400 W visible light irradiation. It was established that photocatalyst dosage, irradiation time, initial concentration, initial pH and light intensity influences photoreduction efficiency. The photocatalytic reduction fitted the LangmuirHinshelwood kinetic model. The calculated values of the correlation coefficient (R 2 ) value at the optimum conditions is 0.9228.
